A Gram-stain-negative, rod-shaped, orange bacterium (strain MDB1-A T ) was isolated from ice samples collected from Midui glacier in Tibet, south-west China. Cells were aerobic and psychrotolerant (growth occurred at 0-25 8C). Phylogenetic analysis based on 16S rRNA gene sequences showed that it was a member of the genus Sphingomonas, with its closest relative being Sphingomonas glacialis C16y T (98.9 % similarity). Q-10 was the predominant ubiquinone. C 17 : 1 v6c and summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c) were the major cellular fatty acids. The predominant polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine and sphingoglycolipid. The polyamines detected were sym-homospermidine, spermidine and spermine. The G+C content of the genomic DNA was 63.6 %. Based on data from this polyphasic analysis, strain MDB1-A T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas psychrolutea sp. nov. is proposed. The type strain is MDB1-A T (5CGMCC 1.10106
The genus Sphingomonas was erected by Yabuuchi et al. (1990) to accommodate aerobic Gram-stain-negative, oxidase-positive, non-fermentative, non-spore-forming rodshaped bacteria. It was characterized by the presence of a unique Sphingomonadaceae-specific sphingoglycolipid with the long-chain base dihydrosphingosin, the presence of 2-hydroxymyristic acid (2-OH C 14 : 0 ) and the absence of 3-hydroxy fatty acids, ubiquinone 10 (Q-10) as the respiratory quinone and sym-homospermidine as the key polyamine (Kawahara et al., 1990; Takeuchi et al., 2001; Yabuuchi et al., 2002; Busse et al., 2003) . The type strains of species of the genus Sphingomonas have been isolated from various ecological environments, including soil, seawater, river water, wastewater, mineral water, plant, animal and hospital samples (http://www.bacterio.net/ index.html). On the basis of phylogenetic and chemotaxonomic analyses, Takeuchi et al. (2001) divided the genus Sphingomonas into four genera: Sphingomonas, Sphingobium, Novosphingobium and Sphingopyxis. At the time of this writing, the genus Sphingomonas sensu stricto contains 69 species with validly published names. Among them, just Sphingomonas glacialis was isolated from a frozen environment (Zhang et al. 2011) .
Here, strain MDB1-A T was isolated from ice samples collected from Midui glacier, Tibet, China, using PYG agar [(w/v) 0.5 % bacto peptone (Difco), 0.02 % yeast extract, 0.5 % glucose, 0.3 % beef extract, 0.05 % NaCl, 0.15 % MgSO 4 ? 7H 2 O, pH adjusted to 7.0] at 14 8C and stored at 280 8C in 20 % (v/v) glycerol. In this study, we describe the morphological, biochemical and phylogenetic characteristics of strain MDB1-A T ; S. glacialis CGMCC 1.8957
T was used as a reference strain in parallel tests for phenotypic and fatty acid analysis.
Genomic DNA of strain MDB1-A T was extracted using the Genomic DNA Rapid Isolation kit for Bacterial Cell (BioDev-Tech) following the manufacturer's instructions. The 16S rRNA gene was amplified using the universal primers 27F and 1492R (Lane, 1991) . Sequencing was performed using the BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) and an automated DNA analyser system (PRISM 3730XL DNA analyser; Applied Biosystems) at SinoGenoMax Corporation. The 16S rRNA gene sequence of strain MDB1-A T was deposited in the GenBank database (http://www.ncbi.nlm.nih. gov/) and compared with those of recognized type strains using the EzTaxon server (http://eztaxon-e.ezbiocloud.net) (Kim et al., 2012) . The CLUSTAL W program (Thompson et al., 1994) was used to perform a multiple sequence alignment of the novel sequence and closely related sequences. According to the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms, phylogenetic trees were reconstructed using MEGA version 5 (Tamura et al., 2011) . Genetic distances for the neighbour-joining analysis were calculated using Kimura's twoparameter method (Kimura, 1980) . The tree topologies were evaluated using bootstrap analyses based on 1000 resamplings.
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The almost-complete 16S rRNA gene sequence (1436 bp) of strain MDB1-A T was determined. Comparison using the EzTaxon server 2.1 revealed that strain MDB1-A T was a member of the genus Sphingomonas, and showed highest 16S rRNA gene sequence similarity to S. glacialis C16y T (98.9 %). The result of phylogenetic analysis based on the neighbour-joining algorithm indicated that strain MDB1-A T represents a distinct phyletic branch corresponding to a novel species of the genus Sphingomonas (Fig. 1) . A similar tree topology was obtained with maximum-likelihood analysis (Fig. S1 , available in the online Supplementary Material). Signature 16S rRNA gene sequence nucleotides were the same as S. glacialis C16y The initial DNA-DNA liquid reassociation rate was used for determination of DNA-DNA hybridization as described by De Ley et al. (1970) . Levels of DNA-DNA hybridization were determined between strain MDB1-A T and S. glacialis CGMCC 1.8957
T .
The tests were performed on a model
Lambda 35 UV/VIS spectrometer equipped with a temperature programme controller (Perkin-Elmer) with three independent determinations at 79 8C (the renaturation temperature). DNA-DNA hybridization analysis showed that strain MDB1-A T shared a mean level of DNA-DNA relatedness of 23.0¡3.4 % with S. glacialis CGMCC 1.8957 T , a value well below the 70 % threshold value for indicating separate genomic species proposed by Wayne et al. (1987) . The DNA G+C content was determined using the thermal denaturation (T m ) method with Escherichia coli K-12 as the reference strain (Marmur & Doty, 1962) . The DNA G+C content of strain MDB1-A T was 63.6 mol%.
Colony morphology was observed on PYG agar after incubation at 20 8C for 8 days. Cell morphology and dimensions were observed using a JEM-1400 transmission electron microscope after 72 h of incubation at 20 8C (Fig. S2) . Anaerobic growth was evaluated by incubating strain MDB1-A T in an anaerobic jar with Oxoid's Atmosphere Generation System. Growth at 0, 4, 14, 18, 20, 22, 25 and 30 8C, with 1.0-6.0 % (w/v) NaCl (intervals of 1.0 %) and at pH 4.0-12.0 (intervals of 1.0 pH unit) was examined in PYG broth. The PYG broth used to test pH Table 1 Sphingomonas psychrolutea sp. nov.
range was adjusted using biological buffers (Na 2 HPO 4 / NaH 2 PO 4 for pH 4-8 and Na 2 CO 3 /NaHCO 3 for pH 9-12) and then filter-sterilized. Growth was tested on laboratory prepared nutrient agar (0.3 % beef extract, 1 % soy peptone, 0.5 % NaCl) and R2A agar (Difco) at 20 8C after 3 days of incubation. Oxidase activity was tested using an oxidase reagent (bioMérieux) and catalase activity was tested by adding 3 % (v/v) H 2 O 2 solution to a bacterial colony. Biochemical tests were carried out using commercial systems (API 20E and 20 NE; bioMérieux) with incubation at 20 8C. Hydrolysis of casein was assessed as described by Smibert & Krieg (1994) . Hydrolysis of starch and lipase (Tween 80) was determined using PYG agar medium as the modified basal medium (Gordon et al., 1974) . Tests for sole carbon source utilization were performed by using the Biolog GEN III Microstation system at 20 8C. Physiological and biochemical characteristics of strain MDB1-A T are given in the species description and the characteristics that differentiate strain MDB1-A T from the reference strain S. glacialis CGMCC 1.8957
T are given in Table 1 .
Respiratory quinones were extracted according to the method of Komagata & Suzuki (1987) and detected by UV absorbance at 275 nm using HPLC. For cellular fatty acid composition analysis, strain MDB1-A T and S. glacialis CGMCC 1.8957
T were grown on PYG agar plates at 20 8C for 3 days. Cellular fatty acids were saponified, methylated, extracted and analysed using the standard MIDI 6.0 system (Sasser, 1990 ). An Agilent Technologies 6890N gas chromatograph and the database TSBA 6.0 was used for identification of cellular fatty acids. Polar lipids were extracted and separated by two-dimensional TLC as described by Tindall et al. (2007) . For polyamine analysis, strain MDB1-A T and S. glacialis CGMCC 1.8957
T were grown in PYG broth at 20 8C and cell masses were harvested in the exponential phase of growth. Polyamines were extracted as described by Busse et al. (1997) and detected by UV absorbance at 254 nm using HPLC. The predominant respiratory quinone of strain MDB1-A T was Q-10. The major cellular fatty acids of strain MDB1-A T were C 17 : 1 v6c (34.4 %), summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c, 33.2 %), C 16 : 0 (5.7 %) and C 17 : 1 v8c (5.2 %) ( Table 2 ). The polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, sphingoglycolipid, two unidentified polar lipids, one unidentified aminophospholipid and four unidentified glycolipids (Fig. S3) . The polyamine pattern of strain MDB1-A T comprised sym-homospermidine (72.6 %), spermidine (19.3 %) and spermine (8.1 %).
Test of growth temperature demonstrated that strain MDB1-A T is a psychrotolerant member of the genus Sphingomonas. Strain MDB1-A T could be easily distinguished from S. glacialis CGMCC 1.8957
T based on differences in physiological properties, including growth temperature, pH range for growth and carbon source utilization pattern (Table 1) . Strain MDB1-A T contains a significantly higher amount of the cellular fatty acid C 17 : 1 v6c, whereas strain S. glacialis CGMCC 1.8957
T contains summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c) as the major cellular fatty acid (Table 2 ). The polar lipid profile of strain MDB1-A T was similar to that of S. glacialis CGMCC 1.8957 T , except an additional unidentified polar lipid was found in S. glacialis CGMCC 1.8957
T . These differences, in combination with phylogenetic distinctiveness and the low DNA-DNA hybridization value, indicate that strain MDB1-A T represents a species that is separate from S. glacialis. Therefore, on the basis of the phenotypic, genotypic and phylogenetic data, strain MDB1-A T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas psychrolutea sp. nov. is proposed.
Description of Sphingomonas psychrolutea sp. nov.
Sphingomonas psychrolutea (psy.chro.lu9te.a. Gr. adj. psychros cold; L. adj. luteus orange-yellow; N.L. fem. adj. psychrolutea cold and orange-yellow).
Cells are Gram-stain-negative, aerobic, non-motile, rodshaped and 0.5-0.6|1.8-2.2 mm in size. Colonies are orange-yellow, convex, round and 2.0 mm in diameter after 8 days of incubation on PYG plates. Optimal growth temperature is 20 uC; growth occurs at 0 and 25 uC, but not at 30 uC. Growth occurs at pH 5.0-8.0 and on media containing v1.0 % (w/v) NaCl. Growth occurs on nutrient agar and R2A agar. Catalase-and oxidase-positive. Does not hydrolyse 
